Introduction
Providing affordable quality healthcare has become a challenge and current global healthcare providers are said to be insufficient to meet the needs of the population, with rising patient expectations and demand. 1 In England, following an investigation into NHS Dental provision in 2008, 2 
the Steele Report 3
Objectives To explore the feasibility of measuring quality of endodontic care provided by general dental practitioners (GDPs), using clinical, radiographic and patient-related outcomes, as well as understanding practitioner views and estimating financial costs. Methods Multi-faceted mixed-methods two-part study involving retrospective analysis of the educational component (course assessments, endodontic training blocks and analysis of a sample of teeth treated at the beginning and end of training), and prospective analysis of patients treated by these dentists after completion of training. Participant Dentists working in and patients treated in primary dental care in London. Intervention Twenty-four-month training in endodontics.
Comparison Dentists enrolled in the training at different time points. Outcome Measuring outcome of endodontic treatment.
Results Eight dentists (mean 36 years, SD = 8.2 years) participated in training. Subsequently, five of these dentists (mean 34.2 years, SD = 7.08 years) contributed to the prospective study and recruited 135 patients. Thirty-five patients completed all patient-related outcome questionnaires, and of these there were 16 cases with complete clinical and radiographic data (12%) at follow-up (10.1-36.4 months). Preliminary analysis revealed that a minimum of 45 cases of complete data would be required for multivariate analysis, requiring the recruitment of in excess of 375 patients to future studies to account for this level of loss to follow-up. Conclusions Findings suggest it is possible to carry out mixed-methods and treatment-related outcome-based research in primary care. Measurement/data capture tools developed were tested and used successfully in measuring the adherence to treatment processes and outcome of endodontic treatment.
since 2004, and an increase in the number of extractions provided. [5] [6] [7] Additionally, it has been suggested that fewer graduates are qualifying with confidence to manage technically challenging dentistry in such areas as oral surgery, endodontics and prosthodontics. [8] [9] [10] The decline in the provision of complex restorative dental treatments has been linked to a decline in the quality of care within the NHS. 6, 8 The demand for dentistry of 'moderate complexity' 11 is largely unmet, resulting in patients within London complaining to the then primary care trusts in 2007/8. In order for more patients to have access to high quality endodontic treatment of moderate complexity within NHS primary care, a novel training pilot was developed. [11] [12] [13] [14] It aimed to build expertise in the primary care setting and enable dentists who were generalists to develop enhanced skills in a 1 distinct field while still continuing to work as a generalist for part of their time, after similar initiatives in medicine. 15 Following Steele 3 and the Five-year forward view, 16 this concept is being taken forward across dentistry under the title 'dentists with enhanced skills' or more often dentists with enhanced skills (DES). 17 There is still a need to develop a workforce able to provide what is described as 'Tier 2' or treatment of 'moderate complexity' in primary care with impending commissioning guides/ standards for restorative dentistry, for which DES are ideally suited. 11, 18 There is a concern that clinical outcomes produced in hospital settings (secondary care) may not necessarily reflect the clinical outcomes achieved in general practice (primary care), thus prompting the recommendation that research should be conducted in 'real world' settings. [19] [20] [21] [22] There are a few studies assessing the outcome of training in terms of the outcome of root canal treatment of primary care GDPs in Scandinavian countries. 23, 24 Articles have reported on three broad studies, [23] [24] [25] [26] [27] [28] [29] and were useful in the exploration of measuring process and outcome in primary care. None of the studies identified were in primary care within the UK nor did they use scoring systems reflective of current clinical practice. This suggests the need for the development and testing of measurement instruments reflective of what occurs in everyday clinical practice in endodontics, as well as evaluating the outcomes of post-graduate training using these instruments. The feasibility of achieving this in a primary care setting in the UK is unknown.
This study is a pragmatic health services research project exploring the possibility of assessing post-graduate education and training in endodontics 30 in terms of knowledge and technical skill but also in terms of outcomes of the treatment provided (clinical healing, radiographic healing and patient-related outcomes). For the purposes of this study, the quality of care provided would be limited to patients with teeth requiring root canal treatment within teeth described as a difficulty level of 'moderate complexity' . 11 An overview of this study is presented in Figure 1 .
Methodology
Traditional methods for outcome-based research have involved quantitative analysis measuring objective change. Although this indicates if there is a change and if so, the direction of the change, there is little scope for exploring the causes or reasons for the said change. Therefore, a combination of quantitative research to look for a change and a qualitative analysis to understand the factors underpinning the change were used (mixed methods research) in this study.
Within this multifaceted feasibility study, there was a retrospective analysis of educational components of a training course, 31 designed to enhance root canal treatment skills of a selected group of dentists, using educational assessment tools, endodontic training blocks (in vitro) completed as part of the course assessments, and analysis of a sample of treated teeth at the beginning and at the end of the course (in vivo). The prospective component of the study involved NHS patients recruited by DES treated within London during and at the end of the training programme. The quality of root canal treatment performed by DES was measured by scoring the quality of the process of providing root canal treatment and measuring the outcome of the treatment (radiographic assessment of the appearance of the root filling and healing, clinical assessment of the healing process and patient-related outcomes measured using a previously developed oral health impact profile for endodontic outcome measures, OHIP-EOM). Patient perspective on the service and dentist perspectives of the training course, as well as the cost of training were also ascertained.
This study received Full Committee Ethical Approval (Ref No. 10/H0718/69), and research governance approval from all associated primary care trusts and King's College Hospital, London (Ref no. KCH11-006). Informed consent was obtained from the dentists who participated in the study and from the patients who received treatment as part of the study. The London Deanery supported this research during the training course with necessary consent from dentists and patients. Informed consent for post-training research was separately obtained from all those involved.
Participants for the above training programme were selected, via a combined nomination process by their PCT, and an interview panel consisting of members from the London Deanery, course teachers, and PCT representatives including a consultant in dental public health. At the interview, records of cases treated in primary care were assessed. 
RESEARCH
Twenty dentists were nominated by ten PCTs; nine of whom were selected via the interview process (from eight PCTs). During the training, a variety of techniques were taught including hand filing and cold lateral condensation to start with, followed by rotary instrumentation and warm vertical compaction, with an emphasis on achieving biological endodontic objectives, rather than set protocols for instrument use.
Some of the data capture instruments (for endodontic training blocks and examination) were developed as part of the course, not specifically for this study, and piloted before use, as validated data capture instruments were unavailable. Other instruments were developed and adopted by the dentists as a way of recording clinical practice in the patients' clinical notes and therefore were not verified against the clinical notes. These formed a logbook or portfolio of clinical cases. Ascertaining the treatment process from the logbooks was preferred to questioning the dentists on their clinical practice as there is evidence that dentists' perception of the treatment provided exceeds the everyday practices recorded in the clinical notes. 32 The descriptors and scoring system for the end of year examinations were simple and reliant on experience of the examiners. The marking scheme for the examinations used broad descriptors as well as comparison to the criteria of moderate difficulty. The development of measurements tools for scoring the quality of root canal treatment has been published. 33 A validated Oral Health Impact Profile (OHIP) questionnaire especially for endodontics, called the OHIP -Endodontic Outcome Measure (OHIP-EOM), with 16 questions modified from OHIP-49 was used to understand the changes in quality of life of patients who underwent endodontic treatment. 34 Logbook data (including radiographs) were randomised and blinded during assessment and analysis. This ensured anonymity of the dentists and patients, as well as reducing examiner bias during scoring of the radiographs. All data were coded after collection. Potential DES and patients treated during the course were aware from the outset that they would be evaluated but unaware of which aspects of the recorded data from their logbooks were being used for research. Bias introduced by dentist knowing that they were to be assessed, was overcome by not informing the dentists of the aspects of treatment that would be scored as part of quality. It was recommended that all cases treated during the course formed the logbook to eliminate reporting bias. There was reliance on the dentists adhering to recommended record-keeping recommendations. Allocation concealment was not possible, as the patients were not randomly chosen for each dentist. The primary investigator (SE) collected, randomised and blinded data approximately three months before scoring radiographs. Bias introduced by assessors knowing which were pre-and which post-training, was overcome by the operator and stage of training being randomised and blinded to all examiners during scoring. Randomisation was carried out using computer-generated tables (Excel, Microsoft Office 2010, Microsoft, Redmond, WA, USA). Ten percent of the radiographs were randomised and re-scored independently by both examiners approximately three months after initially scoring. All examiners were also blinded to the course participant, the stage of training, the treatment process and the patient-related outcomes when assessing the root filling as seen radiographically, healing as seen radiographically and scoring complexity of the cases.
Retrospective analysis of change in skills during training
In this study, the impact of training was measured in terms of change in skills, which in turn were inferred from academic knowledge as well as the quality of laboratory and clinical work. Academic knowledge was scored from course assessments at the end of Year 1 and Year 2, by one external and one internal examiner. The quality of performance of the dentists on endodontic training blocks (in vitro) was scored for three domains: 1. Lack of procedural errors; 2. Establishment of the correct working length (within 2 mm of the apex); 3. Taper and shape achieved. The quality of endodontic treatment performed on patients (in vivo) during training was assessed by scoring the 'treatment process' related to the quality aspects of clinical treatment provision that may influence the outcome of treatment and by scoring the radiographic appearance of the root canal filling with emphasis on the occurrence and correction of procedural errors, the presence of voids, and the extent and taper of the obturation. 33 
Prospective analysis of maintenance of acquired skills following training
The quality of endodontic treatment performed on patients (in vivo) following completion of training was assessed by scoring the 'treatment process' related to the quality aspects of clinical treatment provision that may influence the outcome of treatment and by scoring the radiographic appearance of the root canal filling as described above. 33 The outcome of root canal treatment in this study was measured by assessing clinical signs and symptoms as well as radiographic development or resolution of apical pathology. 33 The quality of life of patients who underwent endodontic treatment was assessed using the OHIP-EOM. 34 It was anticipated that the recall rate would be around 35% from completion of endodontic treatment to one-year review. 35 Participant (patients) perception of the service and participant (dentists) perception of the training were gathered via anonymised written questionnaires. 31 Total cost of the course was estimated by summating the available data. Average cost per dentist were calculated and compared to that of enrolling in recognised monospeciality training in endodontics. The research question is shown in Table 1 and the Figure 2 .
Results
Eight dentists (four male, four female, age range 27-51 years, mean 36 years, SD = 8.2 years) participated in the course and contributed to data for measuring change in skills during the training course. The mean time since qualifying as a dentist was 12.1 years (SD = 8.2 years, range 4-27 years). Six of the dentists worked in general dental practice settings and two worked within the community dental services. One of the participants had undertaken previous post-graduate training in endodontics. A ninth dentist, who participated in this study, failed to complete the end of Year 1 examination with a satisfactory grade and therefore did not complete the course, and hence, was excluded from the study.
In the assessment of academic knowledge of participant dentists, eight participant trainee dentists with enhanced skills in endodontics provided data at the end of Year 1 and again at the end of Year 2. The score for the ninth dentist was not included in the end of Year 1 scores. In the assessment of performance on endodontic training block (in vitro), seven of the eight participants provided endodontic training blocks for all time periods (Year 0, Year 1 and Year 2). The participants spent the assessment day preparing an endodontic training block in the clinical skills laboratory before and after their examination. The endodontic training blocks were routinely completed and collected as part of the regular course evaluation. One dentist was unable to stay for the entire examination day to complete an endodontic training block due to a difficult family situation. The ninth dentist scored zero for all domains of the quality of endodontic training blocks at Year 0 and Year 1, however, the data was not included in the analysis.
The assessment of dentist performance on patients (in vivo) included amalgamating the score for the clinical process of providing treatment and that for the radiological appearance of the root filling. Seven of the dentists contributed data for these patients treated during the training course. One dentist failed to provide any cases for this assessment. A total of 133 teeth were assessed using radiographs. The post-operative radiographs were used to score the radiographic quality of the treatment using four domains: 1. Absence of procedural errors; 2. Establishment of the correct working length (within 2 mm of the apex); 3. Achievement of the correct taper and shape achieved; and 4. Absence of voids within the root filling. Nine pre-treatment (four in Year 0 and five in Year 2) and six post-treatment (five at Year 0 and one at Year 2) radiographs were unusable due to the quality of the radiograph itself and therefore were recorded as such, effectively being treated as missing data in the analyses. It is possible that the pre-operative radiographs were radiographs sent by the referring practitioner.
Of these seven dentists who provided in vivo data during training, five dentists (three male and two female) with an age range of 27-44 years (mean 34.2 years, SD = 7.08 years) contributed data to the measurement of outcomes of the treatment provided after completion of the training course. The mean time since qualifying was 10.2 years (SD = 7.16 years, range 4-22 years). Four of the dentists worked in general practice settings and had not undertaken postgraduate training in endodontics. One worked within the community dental services and had undertaken previous post-graduate training in endodontics. These five dentists (63%) recruited 135 patients to the study. Data to assess complexity were available for 113 patients, with complete data available for 90 patients (67%). Of the 135 patients recruited to the study, treatment process data were available for 113 patients (84%) and post-operative radiographs for 108 patients (80%). Post-operative and review radiographs were available for 31 patients (23%) and two of these were unusable. The fact that these radiographs were unavailable from the DES may indicate that the follow-up was with their original dentist, in line with the local NHS agreements. Two dentists contributed the largest proportion of data for this analysis. Follow-up data (including data for the presence of a coronal seal) were available for 34 patients (25.2%) and two dentists contributed the largest proportion of data for this analysis. Complete data were available for 21 patients (16%). The follow-up assessment and coronal restoration were not the responsibility of the DES and not funded by the service through commissioning arrangements.
The initial response rate for patient completed outcome questionnaires was good with pretreatment questionnaires being returned Fifty patients (37%) returned all three questionnaires, of which 35 were fully completed (26%). These questionnaires also captured participants' (patients') views of the service. In this feasibility study, the overall proportion of missing data within the submitted logbook forms was 19% (n = 14 of 72 teeth) at the beginning of the course (Year 0), 4% (n = 3 of 75 teeth) at the end of the course (Year 2) and 17% (n = 23 of 135 teeth) after completion of training. That for radiographs was 19% (n = 14 of 72 teeth) at Year 0, 16% (n = 12 of 75 teeth) at Year 2 and 24% (n = 32 of 135 teeth) after completion of training. In the prospective component of this study, of the 135 patients recruited there were 35 patients who had completed all OHIP-EOM questionnaires, and of these 16 cases with complete clinical and radiographic data (12%) at follow-up (which ranged from 10.1-36.4 months). Preliminary analysis revealed that a minimum of 45 cases of complete data would be required for multivariate analysis. This would require the recruitment of in excess of 375 patients to future studies to account for this level of loss to follow-up. This sample size is not dissimilar to other reported multivariate analyses. 36 The ability to capture participant (dentists') views of the impact of additional training on themselves, their organisation and wider healthcare following training was established. The findings suggest adult learning theories, when implemented, achieve self-perceived behavioural change. This learner feedback provides invaluable insight into achieving behavioural change in primary care GDPs for future training and development of services. The full details of the findings have been published elsewhere. 11, 31, 35, 37 The costs of the course delivery were determined by collecting data on the costs of teaching, materials and equipment. The costs were estimates only and there were difficulties in accessing the actual costs as a result of deconstruction of the primary care trusts involved as part of modernising the NHS during this time. The training course described in this study consisted of 168 hours of didactic teaching and hands-on workshops delivered over 24 months including seminars, lectures and hands-on training in simulation laboratory. As such, it was difficult to accurately estimate the costs involved because of the multiplicity of factors involved. The London Deanery and PCTs absorbed the cost of the training including purchasing of some of the equipment. It is estimated that each PCT provided on average £25,000 per person towards this training. Materials were provided for the teaching days by QED (Quality Endodontic Distributors Ltd, Peterborough, UK).
The total cost of training is estimated to have been £664,400. This is an average of £83,050 per dentist for both years including equipment. The number of teeth treated, as part of this training was approximately 1600, which equates to a total cost of £415.25 per tooth. If these teeth were to be treated by a specialist in endodontics in primary care the cost is likely to be approximately £500-£600 per tooth. If these teeth were to be treated in secondary care the cost is likely to be approximately £464 per tooth; however, it is unlikely that the majority of these cases will be accepted for treatment due to the level of complexity. For the same cost as the entire course, if the treatment was provided by a specialist or in a hospital setting, between 1,074 and 1,338 teeth could have been treated. If, instead of the training provided by the London Deanery, these eight dentists were enrolled in a part-time two-year Master's (MSc) programme in endodontics, the cost would be £191,200. This would not include the purchasing of equipment for the practice at which the dentist would eventually work, nor would it include the provision of endodontics in primary care for 1600 teeth. If the same model is used and in addition to the two-year MSc the same number of teeth were to be treated, the same costs of equipment and fee per treatment would apply.
The participant dentists spend a minimum of 18,072 hours and a maximum of 58,096 hours on improving their technical skills during the training course. There was no statistically significant difference in the number of appointments taken to complete treatment before and after training for those dentists who participated in the prospective part of this research (n = 5). There was a statistically significant difference in the number of appointments taken for completion of treatment both at Year 0 and Year 2 for those that did recruit patients for the second part of the study (N = 5) and those that did not (N = 2). One dentist failed to provide data for teeth/patients treated during and post-training. The increased number of appointments taken for completion of the treatment may, however, be related to the complexity of the patients being treated rather than the complexity of the tooth.
Discussion
This feasibility study demonstrated that it was possible to conduct mixed-method research in primary general dental care settings to explore the quality of treatment and in turn the outcome of additional training postgraduation from dental school. Using this methodology, larger scale studies of this design can gather quality data for root canal treatment in everyday practice and as a measurement of outcomes of training in endodontics.
Previous reports have suggested that recruiting general dental practitioners into clinical trials within primary care is poorly understood. 22 For the dentists enrolled in this training programme, between two (25%) and seven (87.5%) dentists of the eight dentists participated in providing patient-related data, when the various components of the study were considered separately. There are no other studies reporting similar mixed-methods research on primary dental care practitioners. Other research within primary care has shown low compliance (27% for patient surveys, 24% for staff and 34% for dentist surveys for those involved in dental pilots). 38 This study has shown that it is possible to engage both dentists and patients in primary care research and that some can be engaged over years of follow-up. In this particular study, there was little tangible gain for the dentists themselves in engaging in research and no agreed remuneration for follow-up, which is a known incentive. 8 However, although this research did not directly incentivise the participating dentists, these dentists needed to collect this data for ensuring completion of the course and for future commissioning negotiations. Retention and engagement in research may be difficult without such motivating factors, and possible incentives, in accordance guidance. [39] [40] [41] It is important for future trials engaging NHS primary care practitioners in training and research, to consider research as part of the contractual agreements with NHS dental treatment providers with potential links to remuneration for each case recruited with data collected 8, 23, 24 or remuneration for the treatment attached to the completion of the electronic data set, 42 or primary care research should be considered for portfolio studies to address the extra costs of research. 43 As patient recruitment post-training is dependent on dentist recruitment for this design of study, steps to empower clinicians to take ownership and engage in research is important. Additional RESEARCH incentives might be research involvement within continued professional development requirements for GDC registration. The availability of research participation with appropriate remuneration is likely to be seen as a route for income generation and possibly as a practice builder. 8, 44, 45 Lessons learned and experience gained from this feasibility study permitted the development of a process map for data collection in future studies (Fig. 3) . It is imperative that electronic data collection becomes an integral part of the clinical record-keeping process to facilitate continuing outcome data collection in primary care. Ideally, an independent investigator, such as a research nurse, should carry out the OHIP-EOM data collection in order to reduce bias and to reduce burden on primary care practitioners to recruit and collate data. This would improve the efficiency and quality of data collection.
Patient recruitment post-completion of training from some dentists was high and will be linked to having a continued DES NHS contract for provision of the service. The proportion of patients recruited in comparison to the contractual agreement for the number of patients to be treated within the DES NHS contract is unknown. Retention rates were also high, with 81% of recruited patients returning OHIP-EOM questionnaires posttreatment and 42% returning questionnaires at follow-up. This was significant considering that only 8% of patients stated that they were receiving this treatment from their usual dentist, meaning that the majority would have returned to their referring practitioner for definitive restoration of the tooth as well as review and maintenance because this aspect was not commissioned from the DES. The demographics of the recruited patient group is unlikely to be representative of the transient multi-ethnic population of London, as almost three quarters of patients recruited stated they were of white ethnic background and almost half stated being educated to university degree level or higher. This may be representative of the geographical area covered by the DES who recruited most patients or may be reflective of the types of patients willing to provide feedback or engage in research or would wish to retain a given tooth. In London, the reason for patients participating in clinical trials have been reported as mainly due to altruism and perceived potential self-benefit, 46 ,47 and barriers to engaging are described as logistical reasons including not enough support for those who do not speak English. 46 In this study, Language Line London was available for those who required translation. However, this is time consuming and therefore may have been a barrier for some dentists and some patients.
Loss to follow-up of patients was expected in this research. The response rate of patients recruited into the study was 24% at follow-up if the availability of clinical and radiographic data (logbook data) were taken into account, which was 10% lower than what was expected. If only the response rate of patients who completed pre-, post-, and follow-up questionnaires was considered, the response rate was 37%, which was higher than expected. 34 This was a reasonable response rate considering that at the inception of the course, follow-up was considered the responsibility of the referring general dental practitioner and the DES was not funded for follow-up. These patients returning to their referring dentist for maintenance and follow-up may explain this, which hinders continued learning and audit of outcomes by each clinician providing root canal treatment. Commissioners providing remuneration for this patient contact may encourage better follow-up. . It is difficult to know if the low rate of follow-up is related to patient non-compliance or the commissioning arrangements. Additionally, data available at follow-up are likely to be low in a transient population such as that in London, and therefore must be compensated for during recruitment and through commissioning arrangements. In the future, if the care pathway protocol being piloted 18, 48 is successful, the implication is that, patients receiving this DES service are motivated to return to their dentist for review and maintenance, thereby ensuring that follow-up occurs.
Learning from this feasibility study is useful in ensuring efficiency within larger scale studies. It used specially developed measurement tools to capture outcome-related data and to quantify quality of root canal treatment provided in primary care. 32 Data collected can be randomised and blinded to all examiners. Learning from training and calibration in scoring radiographs aids future training and calibration. There was a great reliance on the dentists participating in this course to enrol and to provide data for this study; including collecting data as part of routine treatment provision as well as collecting and forwarding information to the research team in a timely manner. Maintaining complete trust in the participants supplying accurate information also contributed to the development of and sustenance of a good working relationship with the participants. All of the data collected were an already required part of the patient record and could in future be part of electronic contemporaneous record keeping. 3, 7, [49] [50] [51] Ideally, the data collection should be digital and routine as part of daily clinical record keeping, 44 as radiographs form part of the clinical record and can therefore be easily included. 
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Plain film radiographs are not particularly reliable for assessing the quality of root fillings; 52, 53 however, this is current practice, in adherence to ESE guidelines. 30 This study used a combination of digital and plain films, both converted to JPEG format for assessment. A problem unique to this study of GDPs in a busy NHS dental practice was the logistical and financial difficulty in administering a standardised approach to taking radiographs. Although the course teaching involved the use of radiographic assessment using film holders as standard to reduce the risk of errors related to film positioning, standardisation of radiographs was difficult to implement and therefore, no attempt was made to standardise the radiographic equipment or clinicians. Larger primary care-based models of research will encounter the same difficulties, however, this feasibility study shows that reasonable interpretations of the radiographs is possible. The quality of the coronal restoration was also assessed in this feasibility study and it was likely that this service had been provided by the referring GDP (who was the same person for approximately 8% of the patients who participated in the study). It was not the responsibility of the DES as per the commissioning arrangements in the service. This may account for the observation that a significant proportion of patients seen at the follow-up was considered to have had an 'unsatisfactory' coronal restoration on the root canal treated tooth. In future, it may be appropriate to consider the coronal restoration as an important part of the service provided by a DES in endodontics, as this is a prognostic factor for outcome of root canal treatment. 34, [54] [55] [56] [57] [58] [59] The development of quality assessment tools was challenging, as the current practices and measurement of outcome may be considered subjective and echo the subjectivity of measuring outcomes and quality in dentistry generally. 60 At inception it was agreed that measurement tools developed for this study should be based on current clinical practice in order to integrate these into daily practice in any setting, and explore the reliability of these practices. This study revealed the impact of training and calibration on reliability, although maintaining high levels of agreement over time required repeated training and calibration. There is valuable learning in discussion with experts to arrive at opinions about radiographic appearances, which then may feed the decision-making process. Although these quality assessment scales can be used in routine practice by the clinician providing the treatment, it is recommended that regular training and calibration are used in areas of high subjectivity such as plain film radiography. 32 Key endodontic factors associated with oral health related quality of life, using the OHIP14 questionnaire, have been studied recently, although the study consisted of data collection as part of one episode of endodontic treatment and not change in OHIP-14 scores following treatment. 36 The OHIP-14 questionnaire was considered sensitive to endodontic disease on quality of life impact, with higher impact when there was pain and discomfort. 36 The OHIP-EOM questionnaire used in this study was developed, validated and tested in a teaching hospital setting. 33 The future use of this tool could be combined with assessment of the dentition and symptom score, 36 before completion of the questionnaires at each time point. This would allow better recognition of specifically endodontic factors that may contribute to oral health-related quality of life.
This alternative model was viewed favourably by the DES and can result in maintenance of the skills learned after completion of training with positive patient-related outcomes. It also demonstrated that it was possible to follow-up patients in a primary care setting via questionnaires submitted through their primary care dentists and received at a different academic setting. By this process, it was possible to document and analyse patient views on the quality of service provided, their level of satisfaction (or lack of it), costs and fee payments, issue of referrals and the patient's own health status according to their own judgement. The financial cost of the course was estimated at approximately £83,050 per dentist for both years when 1600 teeth were saved. There is therefore evidence for stakeholders to invest in this design of additional training for general dentists, thereby improving the quality of primary dental care in England. The everyday tools formalised for capturing data and measuring quality have been validated and show reliability in assessing quality of process and outcome, if appropriate training is undertaken regularly. These findings present an insight into an area within dentistry, which is not yet explored within the literature. Accurate estimation of the actual cost incurred in training this cohort of DES was difficult due to significant organisational changes that occurred within the NHS. Therefore, the cost included in this study is estimated. In term of developing expertise, the number of hours spent practising a craft is important. 61, 62 In this course it is estimated that delegates spent between 18,072 and 58,096 hours in training. Considering the cost of training specialists and providing this treatment within secondary care, it is likely to be significantly cheaper to train and provide endodontics of moderate complexity within primary care.
It appears possible to integrate service provision and training as part of existing networks or new managed clinical networks (MCNs) for the improvement of skills in primary care. 18, 63, 64 Acceptance for treatment within the MCN will depend on the complexity of the case, the strategic importance of the tooth and the priority level of the patient (for example those that have undergone radiotherapy to the jaws, have taken bisphosphonates or have bleeding disorders that require prophylactic cover). There is opportunity to accept a case mix of lower complexity depending on the training needs of the different levels of staff within the MCN. Consultant triaging was seen to be the most efficient pathway, 11 and this could be used again. The DES or trainee DES becomes part of the network, able to dip into training on a regular basis as part of a structured course. This does not need to be a bespoke training arrangement such as that assessed in this study, but could include state or self-funded training programmes such as diplomas and Master of Science degrees, but should also include the volume of cases treated in general practice as in this training initiative. Training for DES within MCNs can be aligned with training provided for other post-graduate students and speciality trainees to facilitate efficient use of resources. Similar schemes involving primary and secondary care have been suggested for oral surgery. [65] [66] [67] The training potential of MCNs has been recognised. 64 The advantage of incorporating research into this model is that research carried out in universities and hospitals do not need to be extrapolated to different settings as the data can be collected for the different settings in the same way and compared. 68 The quality assessment tools from this study could be used to assess the outcome of training. It is not clear if the numbers of cases treated by each dentist as part of the training initiative involved in this study, or the method of course delivery and assessment, played a part in the outcome, which may be different for other training programmes.
In order to achieve change in behaviour, Grol and Wensing 69 recommended five steps: create a proposal for the desired change; analysse current practice as well as barriers and incentives for change; develop and choose ways to change practice; test the implementation plan; and undertake the implementation plan with continued evolution and adaptation as required. 69 These steps have been implemented in training other healthcare practitioners such as general medical practitioners. 70 The first three steps of this approach to behaviour change have been addressed within this feasibility study as shown in Figure 4 . Factors impeding behaviour change identified by the respondents of this course were not dissimilar to the theoretical domains framework developed by Michie et al., 71 such as the lack of knowledge and skills (training), beliefs about capabilities and consequences (motivation and incentives) and resources. The next step would be to test the implementation plan against a control group; and where necessary adapt the implementation plan. 69, 70, 72 Remuneration as a strong impacting factor on behaviour change has been demonstrated elsewhere. 8, 73 Fee payments should be strongly based on an understanding of actual costs of providing treatment.
In healthcare, there is new emphasis on 'getting it right first time' with the aim of identifying and administering the correct treatment at the appropriate time, to a high standard with minimal complications and therefore reducing the need for expensive revision treatment. 74 This philosophy is also applicable to dentistry. A series of three recent articles concentrated on the measurement of quality within primary care dentistry in the UK. 60, 75, 76 The current study addressed issues of measuring quality of dentistry within primary care and relates to the provision of root canal treatment. As suggested by Campbell & Tickle, 75 this study developed a multifaceted approach to measuring quality of root canal treatment from patient, clinician and commissioner points of view. As recommended by Tickle and Campbell, 60 the quality assessment tools developed are conceptually accepted in published literature; the validity and reliability of which has been tested. Moreover, the use of these quality assessment tools as a routine part of dental treatment within primary care has been demonstrated. The overall project took into account structure (training, equipment, remuneration), process (the provision of high quality root canal treatment) and outcome (healing and patient-centred outcomes) as described by Donabedian. [77] [78] [79] The ability to improve and maintain skills of general dental practitioners using educational incentives that improve access to care was demonstrated, with insight into impact of additional training on individual clinicians, their organisation and the wider NHS. 76 This training initiative was developed by the London Deanery before the establishment of HEE and the new policy and framework for educating the workforce. 80, 81 Yet, it is central, not only to the key themes outlined by HEE, but also those by NHS England, PHE, and is essential for the future plans for NHS dentistry nationally. 16, 82, 83 This includes improving outcomes across healthcare and the population with inclusion of research, as the NHS constitution states that all patients should be offered the opportunity to take part in research. 84 Quality-based primary care research in other dental specialities is already taking place. 68 The NHS has developed, and the current direction of change is to move towards a tiered system of care, whereby the complexity of the treatment needs is matched with the skills of the practitioner. Therefore, there is a place for tools to score complexity of cases and tools to measure quality in terms of treatment outcome, in order to also measure skills of clinicians in a comparative manner.
The most appropriate analytical strategy for a larger scale study would be a regression analysis predicting quality of root filling with predictor variables of operator, stage of training, score for the clinical treatment process of providing root canal treatment, score for the appearance of the root filling as seen radiographically, score for healing as seen radiographically and score for healing as seen clinically, as well as patient-related outcome scores. The sample size of dentists participating in this course was limited to eight (and cannot be changed according to a power calculation), due to the course arrangements, which are beyond the scope of this study. The number of cases treated by each dentist is limited by the referral pattern to each area although the PCT and training course recommend that each trainee DES treat a minimum of 100 cases per year. In line with the data derived from this feasibility study, we would expect a medium effect size and therefore would aim to recruit approximately 64 dentists per group. 
Development of strategies to change practice
This feasibility study:
• Has identified the ability to test current practice using routine data collection forms for treatment process • Has identified potential barriers to change practice in NHS dentistry • Has demonstarted a teaching/learning model combining learning with service provision in primary care • Demonstrated the possibility of measuring the outcome of root canal treatment in primary dental care, and has developed and tested instruments to do so
Testing of implementation plan
• Identify other groups of dentists requiring behaviour change by ascertaining current practice • Use the teaching/learning techniques used in this model to implement behaviour change • Assess the outcome using the measurment instruments described in this feasibility study Implementation of the plan to change behaviour Fig. 4 The implementation of changing behaviour in the provision of root canal treatment in primary dental care
Analysis of the patient-based data in a future trial should be analysed using multi-level modelling to account for clustering within the data. 86 In order to recruit 375 patents to each arm for multilevel modelling, it is likely that 2-3 years of recruitment and 4-6 years of data collection will be required; however, this would depend on the commissioning arrangements and number of cases commissioned from each of the dentists (Table 1) . It would be feasible to conduct a larger scale study to measure the outcome of root canal treatment provided in primary care, if the measurement of outcome is closely related to remuneration of treatment or future securing of commissioning. Recruitment rates can be improved if submission of such data is mandatory. Honest completion of treatment process data is possible if the data capture form is integrated into the patient's dental record and misinformation is considered an issue of probity.
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Conclusion
It is possible to engage dentists in primary care settings in primary care research and feasible to collect data for measuring the outcome of root canal treatment. This feasibility study provides robust measurement tools and discusses the methodology to measure the quality of root canal treatment provided in primary care. It has highlighted issues with practitioner compliance and patient involvement, which need to be addressed in the future if primary care research is to develop into the important resource it deserves to be in dentistry. The costs of such initiatives should be collected as they occur including recruitment, equipment, material and teaching costs. Feasibility to carry out mixed-methods research in primary care was demonstrated with important learning for future studies.
